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Abstract
Background—Compared with normal-weight women, women with obesity experience poorer 
breastfeeding outcomes. Successful breastfeeding among women with obesity is important for 
achieving national breastfeeding goals.
Objectives—The objectives were to determine whether the negative association between obesity 
and any or exclusive breastfeeding at 1 and 2 mo postpartum is mediated through breastfeeding 
problems that occur in the first 2 wk postpartum and if this association differs by parity.
Methods—Mothers (1151 normal-weight and 580 obese) in the Infant Feeding Practices Study II 
provided information on sociodemographic and psychosocial characteristics, body mass index, 
and breastfeeding outcomes. At 1 mo postpartum, participants reported the breastfeeding problems 
they experienced in the first 2 wk postpartum from a predefined list of 17 options. We used factor 
analysis to condense these problems into 4 explanatory variables; continuous factor scores were 
computed for use in further analyses. We used maximum likelihood logistic regression to assess 
mediation of the association between obesity and breastfeeding outcomes through early 
breastfeeding problems.
Results—No significant effect of obesity was found on any breastfeeding at 1 or 2 mo. At 1 mo 
postpartum, for both primiparous and multiparous women, there was a significant direct effect of 
obesity on exclusive breastfeeding and a significant indirect effect of obesity through early 
breastfeeding problems related to the explanatory mediating variable “Insufficient Milk” 
(throughout the remainder of the Abstract, this factor will be denoted by upper case notation). At 2 
mo postpartum both the direct effect of obesity and the indirect effect through Insufficient Milk 
were significant in primiparous women but only the indirect effect remained significant in 
multiparous women.
Conclusions—Early problems related to Insufficient Milk may partially explain the association 
between obesity and poor exclusive breastfeeding outcomes. Women who are obese, particularly 
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those reporting breastfeeding problems that grouped in the Insufficient Milk factor in the early 
postpartum period, may benefit from additional breastfeeding support.
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Introduction
Women with obesity are less likely ever to breastfeed and are more likely to cease 
breastfeeding earlier than their normal-weight counterparts (1–3), despite similar intentions 
to breastfeed (4). Breastfeeding is the recommended mode of infant feeding (5) and 
improving national breastfeeding outcomes is an important public health goal (6, 7). Given 
that nearly one-fifth of women giving birth in the United States are obese (8), the 
breastfeeding success of these women is important for achieving this national goal.
In previous analyses of the Infant Feeding Practices Study II (IFPS II)6, Hauff et al. (4) 
showed that obesity was negatively associated with the duration of exclusive breastfeeding 
after controlling for breastfeeding intention, knowledge, and support. These findings suggest 
that obesity influences breastfeeding in ways unrelated to these psychosocial variables. In 
addition, the negative association between obesity and breastfeeding duration is consistent 
across societies with and without strong support for breastfeeding (9, 10), suggesting that 
there may be a biological explanation.
Possible biological explanations for poorer breastfeeding outcomes in women with obesity 
are that they are more likely than normal-weight women to experience a delayed prolactin 
response to suckling (11) and delayed onset of lactogenesis II (12, 13), which is predictive 
of the early cessation of any and exclusive breastfeeding (14). Women with obesity also 
exhibit general suboptimal breastfeeding behavior (15, 16), as measured by observation of a 
single breastfeeding episode that is based on evaluation with the use of the International 
Breastfeeding Assessment Tool (17). It was suggested that suboptimal breastfeeding 
behavior in women with obesity may be related to difficulties with positioning because of 
increased breast size; however, Nommsen-Rivers et al. (15) found that the positive relation 
between suboptimal breastfeeding behavior and obesity was not modified by bra cup size.
More recently, Stuebe et al. (18) found that, among mothers in the IFPS II who initiated 
breastfeeding, women with obesity were more likely to experience disrupted lactation, 
defined as reporting ≥2 of the following problems: breast pain, low milk supply, and 
difficulty with infant latch, than normal-weight women. They also found that disrupted 
lactation was associated with early weaning.
Primiparity is associated with delayed lactogenesis II (15, 16, 19) and suboptimal 
breastfeeding behavior (16). Wagner et al. (20) found that breastfeeding concerns were 
prevalent among primiparous women in the early postpartum period and that these concerns 
6Abbreviations used: ai, effect of independent variable on mediator; bi, effect of mediator on dependent variable; IFPS II, Infant 
Feeding Practices Study II; PIR, poverty income ratio.
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were associated with breastfeeding cessation. “Infant feeding difficulty” and “milk quantity” 
concerns resulted in the largest adjusted population attributable risk of stopping 
breastfeeding by 2 mo postpartum (20). As noted by Wagner et al. (20), early breastfeeding 
problems are especially important because they occur during a time when there may be a 
gap between hospital and community lactation support.
Not only is parity associated with suboptimal breastfeeding behavior and delayed 
lactogenesis II, the association between BMI and breast feeding duration were previously 
shown to depend on parity (21), with obese primiparous women most at risk of cessation of 
exclusive breastfeeding. Consequently, we stratified our analyses by parity to assess this 
interaction in this cohort because identifying women most at risk of early breastfeeding 
cessation and providing them with additional support may be a successful strategy to 
improve breastfeeding outcomes.
We hypothesized that 1) obesity is positively associated with early breastfeeding problems, 
2) early breastfeeding problems are associated with poorer breastfeeding outcomes, and 3) 
the association between obesity and poor breastfeeding outcomes is mediated through early 
breastfeeding problems. We expected that this mediation pathway would be modified by 
parity, with primiparous women more affected than multiparous women.
Methods
Sample
The sample for this analysis consisted of participants of the IFPS II, a longitudinal cohort 
study of mothers of infants studied from late pregnancy through 1 y postpartum. Subjects for 
this cohort were drawn from a nationally distributed consumer opinion panel in the United 
States. Sociodemographic and infant feeding data were collected via mail-in questionnaires, 
1 questionnaire prenatally and 10 postpartum. Data were collected between May 2005 and 
June 2007. Detailed information on the methods of the IFPS II can be found elsewhere (22).
Women (n = 3033) who completed both the birth screener and the neonatal questionnaire 
were available for this analysis. Of these women, 39 were ineligible because they lacked 
data on prepregnancy weight or height, variables necessary to calculate BMI (in kg/m2), and 
77 were ineligible because they lacked data on parity, an important variable for our 
subgroup analyses. To reduce the potential bias caused by under-reporting of weight, which 
is well documented in the literature (23, 24), we chose to exclude underweight women 
([BMI: <18.5; n = 136) and overweight women (BMI: 25–29.9; n = 753) and to compare 
normal-weight women with women with obesity. Under-reporting of weight increases as 
BMI increases (23), so, although it is possible that the normal-weight group contains some 
overweight women, it is unlikely that the obese group contains normal-weight or overweight 
women. As such, the 2 BMI categories compared for this study are likely to be distinct. Of 
the 2028 women remaining, 297 never initiated breastfeeding; therefore, we included 1731 
women in our final analyses: 1151 normal-weight women (BMI: 18.5–24.9) and 580 women 
with obesity (BMI: ≥30). This research was considered exempt by the Institutional Review 
Board at Cornell University.
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Variables used in analyses
Independent variable—Prepregnancy BMI was coded as normal-weight (18.5–24.9) or 
obese (≥30) on the basis of self-reported height and preconception weight provided on the 
prenatal questionnaire.
Dependent variables—This analysis focuses on breastfeeding to 2 mo postpartum 
because early breastfeeding outcomes are most likely to be associated with breastfeeding 
problems in the first 2 wk postpartum, the mediator of interest. The outcomes analyzed in 
this study were any and exclusive breastfeeding at the neonatal questionnaire (yes/no at ~1 
mo postpartum) and any and exclusive breastfeeding at the second postpartum questionnaire 
(yes/no at ~2 mo postpartum). The outcome variables for any and exclusive breastfeeding 
were created on the basis of the infant’s 7-d food-frequency recall at the time the 
questionnaire was completed. If an infant consumed any breast milk in the previous 7 d, it 
was coded as any breastfeeding. If an infant consumed only breast milk with no formula, 
food, or water in the previous 7 d, it was coded as exclusively breastfeeding.
Potential mediating variables to be examined—On the neonatal questionnaire (~1 
mo postpartum),women were asked” Did you have any of the following problems 
breastfeeding your baby during your first 2 wk of breastfeeding?” Subjects were instructed 
to mark all problems that applied from a list of 17 potential options. We used factor analysis 
to group these dichotomous variables into more basic underlying variables (see Statistical 
analysis), which produced 4 continuous mediators for further analyses.
Covariates—Maternal age was included as a continuous variable. Maternal race/ethnicity 
was categorized as non-Hispanic white, non-Hispanic black, non-Hispanic other, and 
Hispanic (any race). Household income was categorized as percentage of the poverty 
income ratio (PIR): <185% PIR, between 185% and 350% PIR, and >350% PIR. Maternal 
education was categorized as high school education or less, some college education, or 
college graduate. Marital status was categorized as married or not married. Smoking status 
was a dichotomous yes/no variable that was based on the subject’s smoking status at the 
time the prenatal questionnaire was completed. Mode of delivery was categorized as 
vaginal, not induced or induced, or cesarean, unplanned or planned. Intended breastfeeding 
duration was categorized as ≤6 mo, 6–12 mo, and >12 mo. For multiparous women, past 
breastfeeding experience was categorized as yes if a woman had breastfed a previous infant 
for ≥1 mo or no if she had never breastfed or had breastfed a previous infant for <1 mo.
Psychosocial variables that were included in this analysis were social knowledge of 
breastfeeding (categorical, number of friends and relatives who breastfed), social influence 
toward breastfeeding (categorical score that included opinions of infant’s father, maternal 
and paternal grandmothers, obstetrician, and pediatrician toward breastfeeding), attitudes 
and behavioral beliefs toward breastfeeding (included mother’s opinion on the importance of 
breastfeeding), and maternal confidence in breastfeeding (how confident the mother was that 
she would breastfeed as long as her prenatal breastfeeding goal). The creation of these 
variables was described in detail elsewhere (4).
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We compared sociodemographic characteristics and psychosocial factors between obese and 
normal-weight women within parity groups. We used chi-square tests for categorical 
variables and the Wilcoxon rank-sum test for non-normally distributed continuous variables.
We used factor analysis to create continuous variables of early breastfeeding problems to be 
examined as potential mediators of the association between obesity and breastfeeding 
outcomes. We performed factor analysis with varimax rotation of the matrix of tetrachoric 
correlations of the 17 dichotomous early breastfeeding problems as one would conduct a 
factor analysis of the matrix of Pearson correlations for interval-scale variables. Factor 
analysis reduced the number of independent variables for use in later multivariate analyses 
and was an advantageous technique when the independent variables were likely to be highly 
correlated, as was the case here. An eigenvalue ≥1 was used as a cutoff for factor retention, 
resulting in the creation of 6 factors. However, 1 factor contained only 1 variable and 
another contained only 2 variables. Because singlet and doublet variable factors are not 
considered reliable, the factor analysis code was manually altered to reduce the number of 
factors retained until each factor contained at least 3 variables. This resulted in 4 continuous 
variables (factor I to factor IV), that included all 17 early breastfeeding problems, to be used 
in the mediation analyses. The overall grouping of the larger factors changed only minimally 
when forced to produce 4 factors. Each participant was then assigned a continuous factor 
score for each of these factors.
To test for mediation of the association between obesity and breastfeeding by early 
breastfeeding problems, we used the PROCESS macro for SAS (SAS Institute) (25), model 
4, which uses listwise deletion and does not include cases with missing data in modeling 
effects. In these parallel, multiple-mediator models (Figure 1), factors I–IV were included as 
mediators of the association between obesity and dichotomous breastfeeding outcomes. The 
parallel, multiple-mediator model allowed us to assess the effects of >1 mediator adjusted 
for other mediators.
Total effects (X on Y), direct effects [X on Y, adjusted for mediating effects (M1–M4)], and 
specific indirect effects (X on Y through a specific mediator) were estimated with the use of 
a logistic regression-based, path-analytic framework (Figure 1B). The PROCESS macro 
calculates specific indirect effects of each potential mediator as the product of the ordinary 
least squares coefficient for the relation between the independent variable and the mediator 
(ai) and the logistic regression coefficient for the relation between the mediator and the 
dependent variable (bi). Mediation analyses included a bias-corrected bootstrap 95% CI 
(10,000 resamples) for the size of the total, direct, and indirect effects. Specific indirect 
effects were significant when CIs did not contain zero. It is important to note that the term 
effect is commonly used in mediation analyses; it means statistical effect, not causal effect.
All mediation models were conducted separately for primiparous and multiparous women. 
We adjusted for maternal characteristics and psychosocial variables known to be associated 
with breastfeeding, described earlier, by including them as covariates in models. Models 
were reduced with the use of backward step wise regression with covariates removed if they 
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were not significant in the adjusted model (retention cutoff P ≤ 0.2). Analyses were 
conducted with SAS version 9.4 (SAS Institute).
Results
Sample description—Among primiparous women, maternal obesity was significantly 
associated with maternal age, maternal education, mode of delivery, and social knowledge 
of breastfeeding (Table 1). No association was found between obesity and maternal race/
ethnicity, household income, marital status, and prenatal smoking status. Interestingly, 
primiparous women with obesity did not differ from their normal-weight counterparts in 
intended breastfeeding duration, social influence toward breastfeeding, attitudes and 
behavioral beliefs toward breastfeeding, or confidence in breastfeeding.
Among multiparous women, maternal obesity was significantly associated with household 
income, maternal education, mode of delivery, breastfeeding experience, and social 
knowledge of breastfeeding (Table 1). No association was found between obesity and 
maternal age, race/ethnicity, marital status, prenatal smoking status, and attitudes and 
behavioral beliefs toward breastfeeding. Obese multiparous women had lower social 
influence toward breastfeeding and lower confidence in their ability to breastfeed until their 
planned duration than normal-weight multiparous women. However, obese multiparous 
women did not differ from normal-weight multiparous women in their intended 
breastfeeding duration.
Factor analysis of early breastfeeding problems—The most commonly reported 
problems with breastfeeding in the first 2 wk postpartum were “trouble getting milk flow to 
start,” and “baby had trouble sucking or latching” (Table 2). Factor analysis of the 
aforementioned 17 early breastfeeding problems resulted in the creation of 4 continuous 
variables composed of the problems that were most highly correlated (Table 3). Names were 
chosen for these factors on the basis of the main theme of the problems within each factor; 
consideration was also given to previous research into early breastfeeding concerns (20) and 
2 factors (III and IV) were given names used by previous researchers because they were 
composed of similar problems. Factor I consisted of problems broadly related to 
“Insufficient Milk,” factor II consisted of problems related to “Breast Dysfunction,” factor 
III consisted of problems broadly related to “Too Much Milk,” and factor IV consisted of 
problems related to “Infant Feeding Difficulty” (Table 3). Throughout the remainder of the 
article, these factors will be denoted by upper case notation. Note that the problem “baby 
nursed too often” was highly negatively correlated with the other problems in factor IV. All 
other correlations in all factors were positive. Also note that not every problem seemed to 
match the name chosen for the factor it loaded with, for example “baby wouldn’t wake up to 
nurse” seems better related to the Infant Feeding Difficulty factor, not where it loaded 
statistically, Too Much Milk. However, the factor names were chosen on the basis of the 
main theme of the problems that grouped together.
Breastfeeding prevalence by parity and obesity status—At 1 mo postpartum, 82% 
of normal-weight and 76% of obese primiparous women were breastfeeding, with 43% and 
29% exclusively breastfeeding, respectively (Table 4). The prevalence of any breastfeeding 
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at 2 mo decreased to 57% in normal-weight and 50% in obese primiparous women, with 
36% and 23% exclusively breastfeeding, respectively. Normal-weight primiparous women 
were significantly more likely to be exclusively breastfeeding at both 1 and 2 mo postpartum 
than their obese counterparts. Breastfeeding prevalence trends were similar among 
multiparous women, although the absolute figures were higher (Table 4). Normal-weight 
multiparous women were significantly more likely to be exclusively breastfeeding at 1 and 2 
mo postpartum, and they were also significantly more likely to be breastfeeding to any 
extent at 2 mo postpartum.
Association between obesity and breastfeeding and mediation through early 
breastfeeding problems—In models adjusted for the covariates described previously, no 
significant total effect was found of obesity on any breastfeeding at 1 or 2 mo among 
primiparous or multiparous women. There was, however, a significant total effect of obesity 
on exclusive breastfeeding at both times among both primiparous and multiparous women.
We partially confirmed our first hypothesis that obesity is positively associated with early 
breastfeeding problems. Obesity was significantly positively associated with problems 
related to Insufficient Milk in all mediation models (a1 = 0.24 to 0.30; Table 5). However, 
contrary to our hypothesis, obesity was negatively associated with problems related to 
Breast Dysfunction (a2) and Too Much Milk (a3) among multiparous women at both 1 and 2 
mo.
We also partially confirmed our second hypothesis that early breastfeeding problems are 
associated with poorer breastfeeding outcomes. Early problems that related to Insufficient 
Milk were negatively associated with exclusive breastfeeding outcomes in all mediation 
models (b1 = −0.83 to −1.26). However, among primiparous women, problems related to 
Too Much Milk were positively associated with exclusive breastfeeding outcomes at 1 mo 
(b3 = 0.42) and 2 mo (b3 = 0.41). This was contrary to the direction of effect we expected 
when we hypothesized a priori that early breastfeeding problems would be associated with 
poorer breastfeeding outcomes.
Our final hypothesis, the association between obesity and poor breastfeeding outcomes is 
mediated through early breastfeeding problems, was only true for 1 factor, Insufficient Milk. 
We observed a significant specific indirect effect of obesity on exclusive breastfeeding 
outcomes through problems related to Insufficient Milk among primiparous and multiparous 
women at both times (Table 6). No evidence was found that the association between obesity 
and breastfeeding outcomes was mediated through Breast Dysfunction, Too Much Milk, or 
Infant Feeding Difficulty. For example, for exclusive breastfeeding at 1 mo among 
primiparous women (Figure 2), obesity was positively associated with reporting of problems 
related to Insufficient Milk (a1 = 0.30; Table 5), which was negatively associated with 
exclusive breastfeeding (b1 = −1.22; Table 5). A bias-corrected CI for the indirect effect 
(a1b1 = −0.36; Table 6) did not contain zero (−0.73 to −0.09; Table 6), which indicated that 
there was significant mediation of the effect of obesity on exclusive breastfeeding at 1 mo 
through Insufficient Milk among primiparous women.
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Interestingly, among multiparous women, the indirect effect of obesity on exclusive 
breastfeeding at 2 mo mediated through Insufficient Milk was significant (a1b1 = −0.32; 
95% CI: −0.49, −0.19; Table 6), but the direct effect of obesity on exclusive breastfeeding 
was not significant (c′ = −0.1; 95% CI: −0.45, 0.25). This indicates that the effect of obesity 
on exclusive breastfeeding at 2 mo in multiparous women was entirely mediated through 
problems related to Insufficient Milk.
Discussion
In a longitudinal cohort of US women, we found that early breastfeeding problems related to 
Insufficient Milk partially mediated the negative association between obesity and exclusive 
breastfeeding among both primiparous and multiparous women at 1 mo postpartum. At 2 mo 
postpartum the association between obesity and exclusive breastfeeding was again partially 
mediated through Insufficient Milk in primiparous women and completely mediated in 
multiparous women. These findings indicate that women with obesity are at risk of stopping 
exclusive breastfeeding because of early problems related to Insufficient Milk. 
Consequently, they may benefit from increased support in the early postpartum period.
Among multiparous women with obesity, although the total effect of the model was 
significant, the direct effect of obesity on exclusive breastfeeding at 2 mo postpartum was 
insignificant in mediation models that controlled for previous breastfeeding experience and 
other potential psychosocial confounders. This finding is important because it indicates that 
the negative effect of obesity on exclusive breastfeeding at 2 mo among these women is 
entirely mediated through early breastfeeding problems related to Insufficient Milk. This is 
especially interesting, given that multiparous women with obesity reported significantly 
lower social influence toward breastfeeding and lower maternal confidence in their ability to 
breastfeed until their intended duration than their normal-weight counterparts. This suggests 
that, despite perceived psychosocial disadvantages, the effect is entirely mediated through 
what could be a biological mechanism. Therefore, biological factors may be more important 
in the negative association between obesity and breastfeeding outcomes than psychosocial 
factors. However, these data are based on maternal self-report of early breastfeeding 
problems so we cannot rule out a psychosocial explanation for this result.
By comparing the magnitude of the direct and indirect effects with one another, we see that 
in primiparous women the indirect effect is consistently smaller than the direct effect, which 
implies that other important factors are involved in the association between obesity and 
exclusive breastfeeding that we have not identified in this analysis. However, among 
multiparous women, the indirect and direct effects are approximately equal at 1 mo 
postpartum, and the indirect effect alone is significant at 2 mo postpartum. This implies that 
Insufficient Milk is one of the most important factors involved in this association. This 
highlights the need for further exploration of the biological and psychosocial mechanisms of 
milk insufficiency in women with obesity and potential ways it can be ameliorated.
Although the only significant indirect mediating factor was named Insufficient Milk, it 
comprised 6 different problems, “took too long for milk to come in”; “baby did not gain/lost 
too much weight”; “nipples were sore, cracked, or bleeding”; “mom didn’t have enough 
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milk for the baby”; “baby had trouble sucking or latching”; and “baby got distracted.” The 
first 2 problems relate to delayed onset of lactogenesis II, which occurs more commonly 
among women with obesity than among normal-weight women (13, 15). However, in this 
study we cannot tell whether the combination of all 6 problems reflects delayed onset of 
lactogenesis II or a real or perceived physiologic milk insufficiency.
Perceived milk insufficiency is commonly reported as a reason for cessation of any and 
exclusive breastfeeding (26, 27), and it is associated with lower breastfeeding self-efficacy 
scores (28, 29). Maternal confidence in her ability to breastfeed as long as her prenatal 
breastfeeding goal was assessed in the IFPS II questionnaires, but these questionnaires did 
not include the Breastfeeding Self-Efficacy Scale (30), a more comprehensive measure of a 
mother’s perceived ability to breastfeed her baby. Lower breastfeeding self-efficacy among 
obese women could explain the mediation of the association between obesity and poor 
exclusive breastfeeding outcomes through Insufficient Milk. If so, self-efficacy–enhancing 
strategies could improve breastfeeding outcomes in women with obesity.
In a recent cross-sectional study of primiparous women in China, Lou et al. (31) found that, 
among mothers who weaned because of insufficient milk supply, more than one-half 
reported that this occurred during the first 2 d postpartum. This early perception of 
insufficient milk may reflect a lack of knowledge of the biological process of lactation. Milk 
production is limited in the first few days postpartum; however, mothers who do not know 
that this is physiologically normal may perceive that they have insufficient milk. If this were 
the case in the IFPS II sample, increased education about the biology of lactation and what 
to expect in the early days postpartum could help to improve breastfeeding outcomes.
Potential biological explanations for true milk insufficiency in women with obesity include a 
diminished prolactin response to suckling (11) and declining insulin secretion (32). 
Preliminary research by Nommsen-Rivers et al. (32), suggests that, despite insulin 
resistance, declining insulin secretion may be an important contributor to low milk supply 
among women with obesity. In their recent analyses of the human milk fat layer 
transcriptome, Lemay et al. (33) discovered that genes encoding insulin signaling proteins 
are up-regulated during the transition from colostral to transitional lactation. On the basis of 
their RNA sequencing study, Lemay et al. (33) proposed that women with decreased insulin 
sensitivity experience a slower increase in milk output as a result of the overexpression of a 
specific protein (protein tyrosine phosphatase, receptor type, F), which could potentially be 
used in the future as a biomarker to link insulin resistance with insufficient milk supply. The 
role of insulin in breast milk production is a promising avenue of research that may help 
explain the association between obesity and poor breastfeeding outcomes and warrants 
further investigation.
Our results add to previous research with the use of the same data set that described an 
increased prevalence of disrupted lactation and increased odds of early weaning among 
obese participants in the IFPS II (18). This present analysis builds on this work by testing for 
mediation. We took advantage of the temporal nature of the IFPS II and modeled the 
problems that women reported experiencing in the first 2 wk postpartum as mediators of 
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outcomes at 1 and 2 mo. This study design allowed us to test mediation of the association 
between obesity and breastfeeding outcomes through early breastfeeding problems.
This analysis also builds on the work of Wagner et al. (20), who studied primiparous women 
only. Our results indicate that problems related to Insufficient Milk are also negatively 
associated with exclusive breastfeeding outcomes in multiparous women with obesity. The 2 
categories of concerns found to be most important by Wagner et al. (20) were infant feeding 
difficulty and milk quantity. Their category milk quantity included concerns that the mother 
is not producing enough milk or the infant is not getting sufficient milk, similar to our factor 
I, Insufficient Milk. Like Wagner et al. (20), we found that Insufficient Milk was an 
important factor in the association between obesity and breastfeeding outcomes. However, 
we found no association with or mediation through our factor IV, Infant Feeding Difficulty 
and breastfeeding outcomes.
Our findings that conflict with our hypotheses have biological explanations. Our a priori 
hypothesis that early breastfeeding problems would be associated with poorer breastfeeding 
outcomes was developed before conducting our factor analysis. As such, we did not have 
hypotheses about the association of each individual factor with breastfeeding outcomes. Not 
surprisingly, among primiparous women with obesity, early problems related to Too Much 
Milk were positively associated with breastfeeding outcomes, meaning that women who felt 
they had too much milk in the early postpartum period were more likely to be exclusively 
breastfeeding at later times. Multiparous women with obesity, in contrast, were less likely to 
report problems related to Breast Dysfunction or Too Much Milk. The reduced reporting of 
Too Much Milk problems among women who were more likely to report Insufficient Milk 
problems makes intuitive sense.
The strengths of this study include the large sample size of the IFPS II, our novel use of 
factor analysis to create continuous variables for use in mediation analyses, and our focus on 
early postpartum problems with breastfeeding. Our focus on problems that occur in the first 
2 wk postpartum is clinically valuable because women with obesity who report specific 
problems at this time could be targeted for additional support. The use of self-report 
measures to calculate BMI is often considered a limitation because weight is often under-
reported and with greater frequency among heavier than lighter women. However, in this 
analysis we compared normal-weight women with women with obesity which should reduce 
the potential bias caused by under-reporting of obesity because these 2 BMI categories are 
likely to be distinct. In addition, under-reporting of weight would most likely result in 
overweight women being misclassified as normal-weight in our analysis. If overweight 
women also experienced poor breastfeeding outcomes mediated by early breastfeeding 
problems, misclassifying them into our normal-weight group would have biased our results 
toward the null and, thus, should not have changed the inferences we have drawn.
There are limitations inherent to the IFPS II that must be considered when interpreting these 
findings. Women were offered a predefined list of potential problems that they may have 
had in the first 2 wk postpartum. It is unknown whether this list captures all potential 
problems that obese and normal-weight women experienced in the early postpartum period. 
Qualitative research would be beneficial for identifying additional problems and for 
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understanding whether they differ by obesity status. This research is also limited by question 
design. Women were asked to select all breastfeeding problems that applied to them but 
were not asked to check if they did not apply. This means that in cases in which no 
breastfeeding problems were selected (n = 9), we cannot tell whether these women did not 
experience any breastfeeding problems or if they simply skipped the question. However, this 
number was small and unlikely to have affected our results. In addition, the IFPS II sample 
is not nationally representative (22). Compared with a nationally representative sample, 
women participating in the IFPS II were more likely to be older, middle-income, white, 
employed, and more educated.
Another limitation relates to the inability to control for potential confounding variables 
about which we lack data. One such confounding factor is smoking behavior at the time 
periods of breastfeeding described here. Participants in this study were asked about smoking 
behavior on the prenatal questionnaire, adminis-
teredinthethirdtrimesterofpregnancy.Participantswerealsoasked about smoking at 3 mo 
postpartum, but this is after the 1- and 2-mo breastfeeding durations assessed in this analysis 
and may or may not reflect behaviors during the early postpartum period. It is possible that 
some women who reported being nonsmokers prenatally had quit smoking for the duration 
of their pregnancy and resumed smoking early postpartum. This is important because 
smoking is associated with poorer breastfeeding outcomes (34, 35), an association that likely 
has a multifactorial cause. It was hypothesized that smoking impairs breastfeeding duration 
by suppressing prolactin secretion (36), reducing the volume of breast milk produced, and 
potentially resulting in insufficient milk. Studies suggest that almost one-half of regular 
smokers who quit during pregnancy resumed smoking by 5–6 mo postpartum (37, 38). 
However, we do not have data on the number of women in our sample who resumed 
smoking before 3 mo postpartum. As a result, it is possible that we have underestimated the 
effect of smoking in our analyses.
A statistical limitation specific to this study is that there is currently no good way to estimate 
the proportion of the total effect of obesity on breastfeeding outcomes explained indirectly 
through early breastfeeding problems. This is because the indirect and total effects are 
scaled differently when dealing with dichotomous outcomes with the use of the PROCESS 
macro. The path from the independent variable to the mediator is estimated with the use of 
ordinary least squares regression, and the path from the mediator to the dependent variable is 
estimated with the use of logistic regression, so the total effect is not equal to the sum of the 
direct and indirect effects. However, we can still determine whether the direct and indirect 
effects are significant. This issue is only problematic because the difference between the 
total and the direct effect cannot be used as a substitute for the indirect effect.
In conclusion, these findings are clinically important because they highlight a group of 
women that may benefit from additional breastfeeding support early postpartum, namely 
women with obesity who report that they experience the problems that grouped in the 
Insufficient Milk factor. It could be worthwhile to question mothers postpartum about their 
early breastfeeding problems to identify women at risk of suboptimal breastfeeding 
outcomes. Early breastfeeding cessation is of particular public health concern because 
cessation of any or exclusive breastfeeding within the first 2 mo postpartum reduces the total 
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dose of breastfeeding that a child receives by a greater amount than cessation by 6 mo 
postpartum, an outcome commonly reported in the literature.
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Conceptual diagrams of the simple (A) and complex (B) theoretical model used for analyses. 
ai estimates the effect of obesity on reporting specific early breastfeeding problems. bi 
estimates the effect of specific early breastfeeding problems on breastfeeding outcomes. aibi, 
the indirect effect, estimates differences in breastfeeding outcomes as a result of the effect of 
obesity on specific early breastfeeding problems. c quantifies how much women with 
obesity differ from normal-weight women on breastfeeding outcomes. c′ estimates the direct 
effect of obesity on breastfeeding outcomes, independent of the effect of obesity on early 
breastfeeding problems. ai, effect of independent variable on mediator; bi, effect of mediator 
on dependent variable; c′, direct effect of the independent variable on the dependent 
variable; M, mediator.
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Mediation of the relation between prepregnancy obesity and exclusive breastfeeding at 1 mo 
postpartum through early breastfeeding problems in primiparous women. ai estimates the 
effect of obesity on reporting specific early breastfeeding problems. bi estimates the effect of 
specific early breastfeeding problems on breastfeeding outcomes. c′ estimates the direct 
effect of obesity on breastfeeding outcomes, independent of the effect of obesity on early 
breastfeeding problems. *Denotes significant effects. See Table 5 for point estimates and P 
values. ai, effect of independent variable on mediator; bi, effect of mediator on dependent 
variable; BF, breastfeeding; c′, direct effect of the independent variable on the dependent 
variable; M, mediator.
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TABLE 2
Prevalence of early breastfeeding problems by parity and obesity status among Infant Feeding Practices Study 
II participants1
Primiparous (n = 550) Multiparous (n = 1181)
Problem Normal-weight (n = 389) Obese (n = 161) Normal-weight (n = 762) Obese (n = 419)
Baby had trouble sucking or latching 176 (45.6) 97 (61) 220 (29) 139 (33.5)
Baby had trouble with choking 42 (10.9) 19 (11.9) 101 (13.3) 37 (8.9)
Baby wouldn’t wake up to nurse 101 (26.2) 44 (27.7) 158 (20.8) 90 (21.7)
Baby was not interested in nursing 38 (9.8) 22 (13.8) 31 (4.1) 31 (7.5)
Baby got distracted 14 (3.6) 14 (8.8) 25 (3.3) 19 (4.6)
Baby nursed too often 49 (12.7) 31 (19.5) 114 (15) 62 (14.9)
Baby did not gain/lost too much weight 54 (14) 33 (20.8) 46 (6.1) 46 (11.1)
Nipples were sore, cracked, or bleeding 44 (11.4) 23 (14.5) 29 (3.8) 32 (7.7)
Mom didn’t have enough milk for the baby 69 (17.9) 27 (17) 68 (8.9) 80 (19.3)
Took too long for milk to come in 72 (18.7) 46 (28.9) 63 (8.3) 75 (18.1)
Trouble getting milk flow to start 196 (50.8) 69 (43.4) 388 (51.1) 201 (48.4)
Breasts were overfull 128 (33.2) 54 (34) 330 (43.4) 122 (29.4)
Mom had yeast infection of the breast 4 (1) 5 (3.1) 18 (2.4) 8 (1.9)
Mom had clogged milk duct 27 (7) 10 (6.3) 67 (8.8) 30 (7.2)
Breasts were infected or abscessed 4 (1) 2 (1.3) 20 (2.6) 12 (2.9)
Breasts leaked too much 52 (13.5) 29 (18.2) 108 (14.2) 51 (12.3)
Mom had some other problem 25 (6.5) 16 (10) 38 (5) 28 (6.7)
Missing 3 2 2 4
1
Values are n (%) or n.
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TABLE 3
Factor analysis of breastfeeding problems experienced in the first 2 wk postpartum reported by Infant Feeding 
Practices Study II participants at 1 mo postpartum
Factor number Problem Factor name
I Took too long for milk to come in Insufficient Milk
Baby did not gain/lost too much weight
Nipples were sore, cracked, or bleeding
Mom didn’t have enough milk for the baby
Baby had trouble sucking or latching
Baby got distracted
II Breasts were infected or abscessed Breast Dysfunction
Mom had clogged milk duct
Mom had yeast infection of the breast
Trouble getting milk flow to start
III Breasts leaked too much Too Much Milk
Baby had trouble with choking
Breasts were overfull
Baby wouldn’t wake up to nurse
IV Baby was not interested in nursing Infant Feeding Difficulty
Mom had some other problem
Baby nursed too often
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